Abstract. The aim of this work is to study the content of zinc in tomato biofortified vegetables (peppers, eggplant, and tomatoes). Objectives of the study are: to determine the content of zinc in tomato vegetables during cultivation of which agronomic biofortification was applied using environmentally safe organic fertilizer of new generation -"Riverm"; to compare zinc content in biofortified vegetables with the content of zinc in samples of vegetables grown by standard conditions. This paper uses laboratory (physical) methods; definition of zinc content in vegetables was performed with the use of voltampermetric analyzer. The research results give us the right to conclude that the use of fertilizer "Riverm" during cultivation of sweet pepper, eggplant and tomatoes helps them to be enriched by zinc. Biofortified vegetables contain 6,60-8,59 % of zinc more than control samples. Grown vegetables become a readily available source of zinc for humans and contribute to overcoming the "hidden hunger" caused by deficiency of this essential micronutrient in food.
Introduction
The problem of lack in daily human diet of essential for the healthy and fulfilling life micronutrientsvitamins and minerals -is very important. These compounds are not synthesized by the human body (or synthesized in insufficient quantities) and must act him with food. Unfortunately, this problem cannot be solved by only the increase of the amount of food. Even when everyone gets a sufficient daily amount of calories by account of proteins, fats and carbohydrates, the person may suffer from constant shortages of certain minerals and vitamins.
The consequences of the so-called "hidden hunger" can be blindness, stop in the growth of children, various diseases and even death. Among the micronutrients, which refer to the global community critical group (their most deficient in the diet of people with a low standard of living) zinc, iron and vitamin A are the most important. These micronutrients need a little, but unfortunately, the daily diet of many people not able to meet even their receipt.
Zinc is an important trace element in biological systems. It is necessary for detoxification of aggressive free radicals, as well as for the proper functioning of biological membranes. It is estimated that around 2800 proteins, the human body contains: zinc. Therefore, any reduction of its content can lead to cell disorders, retard of children in mental development, reduced immunity and, consequently, to infectious diseases. Almost half of world's population is experiencing the shortage of zinc. In most developing countries, the reason for this is the excessive consumption of grain products that contain a small amount of zinc with low bioavailability. In such countries crops, including wheat and rice, provide about 70 % of daily calories. However, these foods have in their composition a lack of zinc and cannot meet the daily need for it. Particularly responsive to zinc deficiency are children. Lack of zinc is one of the main causes of child mortality in the world, it is associated with almost 45,000 deaths of children under 5 years (4.4 % of all child deaths in this age) (Cakmak, 2009) . Early signs of zinc deficiency are lethargy and depression. According Zubar (2010) the daily requirement for zinc is 12 mg (adult women and girls aged 11 to 13 years), 13 mg (girls aged 14 to 17), 15 mg (adult men, and boys aged 11 to 17 years). Children aged one to ten years need 10 mg of zinc daily (Zubar, 2010) . Pavlotska (2007) cites evidence that the demand for zinc by mothers nursing babies, increases to 25 mg per day. Unfortunately, in Ukraine intakes of vitamins and minerals by children today is significantly lower than the recommended rates. In particular, zinc deficiency is fixed at the level of 15-51 %, so we need to solve the problem using all possible ways.
Representatives from 159 countries, including Ukraine, have adopted the "World Declaration and Programme of Action on Nutrition" (World Declaration and Plan of Action on Nutrition, 1992), assuming the commitment to eliminate the chronic lack of dietary essential vitamins, minerals and other essential compounds. In many countries there are already appropriate programs and structures to meet these requirements.
Given the prevalence of "hidden hunger" in the world, the interest in the role of agriculture as an important factor in overcoming this problem started to grow. Increasingly, we are talking about biofortification -a new strategy to overcome the deficiency of micronutrients in food. This term means improvement of nutritional qualities of plants by developing optimal ways of mineral nutrition (fertilizing the soil), the use of techniques conventional breeding and through the creation of new plants using molecular genetic approaches. Biofortification took their "niche" in the world and can become complement all other existing strategies aimed at increasing the nutrient content of micronutrients in food. Biofortified food, unlike industrially enriched (with lots of vitamins and minerals) can not immediately provide consumers with all the necessary compounds, but they can help millions of people to overcome the minimum threshold at which the "hidden hunger" will not show up so badly. That is, bioenriched cultures are not intended to be the single source of the recommended daily amount of vital compounds to humans, but they need to effectively and significantly reduce lack of essential micronutrients (Biofortified Crops for Improved Human Nutrition. A Challenge Program Proposal presented 2002).
According to the HarvestPlus -IZA -SU Projects (2009) nowadays agriculture in many countries can provide two cost-effective and sustainable directions to solve the problem of "hidden hunger", and zinc deficiency in particular: development of new genotypes of plants with high concentration of zinc (genetic increase of the biological value of food) and use of fertilizers that contain zinc, while growing some crops, including wheat and rice (agronomical biofortification).
Because the food made from new plants that have been created using molecular genetic approaches, not only has supporters among consumers, but also a large number of opponents, more emphasis is given to agronomical biofortification of plant production. Moreover, this trend has been successfully used in experiments with crops. Agronomical bioenrichment increases the mineral content of food crops through application of fertilizers in the soil or by the direct spraying of them on leaves. According to Cakmak (2009) foliar application of fertilizers containing zinc, is able to significantly increase its content in wheat. Using fertilizers containing zinc leads to the accumulation of the compound in different parts of the grain, and therefore makes food more balanced and positively impacts people's health. Cakmak (2009) emphasizes that biofortification of agronomic approaches, including the use of fertilizers that contain zinc -fast and simple solution to its deficiency in plants.
Today the capabilities of showing the developed in Ukraine fertilizer of a new generation "Riverm" for biofortification of crop production is limited. Its advantages are an environmental, safety, absence of chemical components and pathogenic organisms. According to Kozak (2009) , almost 98% of bioelements in soil are concentrated in organic remains and insoluble inorganic compounds which sometimes come with classic fertilizers, but are not completely absorbed by the plants. This is a large reserve of nutrient substances. If there is "Riverm" then the plant can provide themselves with nutrients, which are sufficient in the soil. That means that "Riverm" serves as a carrier of ions, accelerating their movement from soil solution to the root system, thus improving the physical and chemical properties of soil, increasing the activity of microorganisms, increasing the effectiveness of other fertilizers, the amount of which can be significantly reduced. By adding "Riverm" in the soil the inaccessible compounds for plants are readily decomposed into ions. "Riverm" has a slightly alkaline reaction and has good fungicide properties, protecting the plant from many diseases. In addition, "Riverm" is saturated with nitrogen and phosphobacteria which fix atmospheric nitrogen and demineralise heavy and saline soils, increase their productivity and trade properties of grown on them plant products. This ecological fertilizer not only performs the function of nourishing a plant, it also helps to remove toxins and other waste products from it.
So, agronomical biofortification of cereals (wheat, rice) by zinc using fertilizers that contain this compound is a successful and it increasingly finds its application in different countries. But within the framework of agronomical biofortification the possibility of using other fertilizers, especially such as "Riverm", should be also considered. This organic fertilizer can promote bioenrichment of plants by zinc not only because it contains large amounts of the substance, but also it will help the plant to assimilate and accumulate zinc, which is already in the soil. To overcome the problem of zinc deficiency in the diet we can the use of agronomic biofortification of vegetables as an important part of daily nutrition of Ukrainians.
Studies of the accumulation of zinc in biofortified by organic fertilizer "Riverm" tomato vegetables is an important step in finding a comprehensive solution to the problem of zinc deficiency, which is needed for normal functioning of the human body. The importance of this research also is that biofortification of tomatoes, peppers, and eggplants occur with organic fertilizers that are environmentally safe. Use for the purpose of bioenrichment of crop production in essential micronutrients environmentally sound, organic fertilizer "Riverm" can push the limits of agronomical biofortification and strengthen its contribution to solving the problem of "hidden hunger".
Method
To investigate zinc content in vegetables laboratory (physical) method with the use of voltampermetric analyzer was used. The method is based on previous mineralization of sample of the product, getting mineralized solution with the addition of background electrolyte, conducting analysis in the electrolyser, obtaining current-voltage curves and measuring the height of the peaks.
The objects of study were tomato vegetables: peppers of the botanical varieties of Scythian Gold, eggplant of the botanical varieties Iceberg and tomatoes of the botanical varieties Apollo grown with the use of the organic fertilizer "Riverm". Comparison of the chemical composition of biofortified vegetables was conducted with vegetables grown without the use of organic fertilizer "Riverm" (control samples).
Results
When determining the zinc content in tomato vegetables grown with the use of agronomical biofortification using organic fertilizer "Riverm", we came to a conclusion that all investigated samples of tomato vegetables contain a much larger amount of zinc compared to control samples (Fig. 1 ).
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Eggplant Tomato In particular, tomatoes which were grown with the use of "Riverm" accumulated in their structure 3.94 mg/kg of zinc, that is 0.26 mg / kg (or 6.60%) more than in vegetables grown under standard conditions (without fertilizer). The reference sample of eggplant contained 3.42 mg / kg of zinc and the studied sample contained 3.68 mg / kg, i.e., showing an increase in zinc content to 7.10 %. The content of biofortified tomatoes included 3.84 mg / kg of zinc, and the tomatoes grown without the use of fertilizer -3.51 mg/kg, i.e. increasing the amount of recorded investigational micronutrients to 0.33 mg / kg (or 8.59%).
Discussion
A study of zinc content in biofortified tomato vegetables (peppers, eggplant, and tomatoes) was conducted. In particular, the zinc content was determined in tomato vegetables during cultivation of which agronomical biofortification using environmentally safe organic fertilizer of new generation -"Riverm" was used. When comparing the data obtained it was concluded that all samples of biofortified tomato vegetables contained a large amount of zinc (at 6,60-8,59 %) compared to control samples (grown without the use of "Riverm"). Since the "hidden hunger", in particular zinc deficiency, has a negative impact on the health and well-being of people, their biofortification by "Riverm" is a step to solve this problem. Fertilizer "Riverm" is innovative taking into account the set of its characteristics: it does not contain any synthetic ingredients that guarantee complete security for plants, animals, people; it contains large amounts of nutrients (micro-and macro-) as well as live microorganisms (nitrogen and phosphobacteria); "Riverm" does not contain chemical components and pathogenic organisms. The theoretical value and importance of the results obtained is in application to agronomical zinc biofortification of vegetables environmentally sound, organic fertilizers, which makes crop production environmentally friendly and improves soil fertility.
Taking into account the results of studying zinc content in tomato vegetables which were biofortified by using fertilizer "Riverm", sufficient research of peculiarities of accumulation of this compound in other vegetables becomes really prospective and actual. As the research results concern only to some botanical varieties of tomato vegetables, for getting complete information it is important to examine impact of this organic fertilizer on vegetables grown on different soils, taking into account climatic conditions, specific cultivation, botanical variety.
